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Abstract The effects of mass, temperature and thermal acclimation on the repiration rate 
of the Chinese freshwater crab Eriocheir sinensis were investigated by 4 continuously flowing 
water respirometer. The logistic equation 15 used for the first time to express respiration rate as 
a combined function of mass and temperature. The predictive equation is 


R= 1280 M °” / [1t+exp(2.351-0.1387)] xeO, / (g > hr.) 


A respiration rate compensation throught thermal acclimation is demonstrated by 
E. sinensis with 25 acclimated animals having lower respiration rate than 10C acclimated 
animals. Eyestalk factors are found to be involved in rate compensation. Acute heating 
E. sinensis does not creat a R-T response following the van’t Hoff—Arrhenius law. At low- 
er temperatures (10-16 ). both 10C and 25C acclimated animats show mean Quy values 
higher than 2. At higher temperatures {16-307C}, both 10 and 25C acclimated animals are 
nat sensitive to temperature, having Qio values smaller than 2. suggesting that rate compen- 
sation does not take place exclusively through long term thermal acclimation and that it can al- 
so occur very quickly in face of acute changes in temperature. In this case, the rate compensa- 
tion may involve a new category of mechanisms. 
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and oxygen concentration, and intrinsic factors, such as mass, molt stage and 
thermalacclimation on the respiration rate have been investigated extensively among 
Crustacea (Claussen, 1980; Preez, 1983; Cookcroft et al, 1985: Zou et al, 1993). 
The Chinese freshwater crab, Eriocheir sinensis, widely distributed in the Yangtze basin 
of China, is a prime candidate for aquaculture. However, the respiration rate of this 
animal as related to body mass, temperature and thermal condition is poorly 
understood. 

In cruataceans, the eyestalk is a neuroendocrine organ and its hormones control 
many functions, including salinity adaptation (Berlind et ai, 1977), respiratory 
metabolism (Souza et al, 1987) and molting and regeneration (Skinner, 1985). The 
involvement of endocrine in thermal acclimation has long been speculated (Somero et 
al, 1971), but few investigations have been carried out in this area. 

This paper aims to describle the effects of mass, temperature and thermal 
acclimation on the respiration rate of E. sinensis. An attempt has also been made to ex- 


amine the involvement of the cyestalk factors in thermal acclimation. 
1 Materials and Methods 


The respiration rate was determined by a cotinuously flowing water respirometer 
(Fig. 1) as described by Sun et af (1983). The international volumes of the animal 


chambers varied from 20-250 ml depending on the sizes of the experimental animal. 





Figure 1 The structure of the continuous flow respirometer used to the present 
investigation. Arrows show the water flow direction 


A. Water reservoirs B. Thermoregulator; C. Air bubbler; D. Ammal chamber: E. Flow rate meter. 
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The water which was aerated and thermoregulated in reservior flowed at a constant rate 
ranging from 10-40 ml ⁄ min depending on animal size. The oxygen concentration of 
the inflow and outflow were measured by Winkler’s method and the respiration rate was 
determined by 

R =PO,~ flow rate / wet mass (1) 


where R =ygO,/(g+ hr) PO,=the difference of O, concentration between inflow 
and outflow (ug / ml} flow rate=ml / hr; wet mass=g. 

All the experimental animal. were purchased in the Shanghai free market. They 
were maintained in shallow, aerated aquaria which were cleaned weekly and under a 
12 hr light 12 hr dark regime, and fed two to three times a week with earthworms, 
clams and small fishes. Animal were allowed to acclimate in the laboratory at natural 
temperatures for at least one week, and food was withhold for 24 hours prior to the ex- 
periments. 

As handling stress will enhance an animal’s respiration rate (Winkler, 1987), the 
settling time for animals of different sizes at different temperatures was investigated prior 
to the formal recording of routine respiration rates. It was found that, at all experimen- 
tal temperatures, animals generally took five hours at most to become acclimated after 
being placed in the respirometer. Thereafter, the routine respiration rate was measured 
as the mean value of three readings taken hourly. 

To determine the effects of mass and temperature on the respiration rate, the oxy- 
gen uptake of E. sinensis of different sizes, ranging from 5—65 g, was measured at $, 
13, 17, 21, 25, 30 and 35C, which are close to temperatures to which these animals 
are naturally acclimated. The equation R =aM 6-1 was used to express the relation- 
ship between respiration rate and mass, where R = respiration rate [ugO, /(g~- min)]; 
M = wet mass (g); a and b are constants that can be calculated from the linear form of 
the above equation, i. €, lgR =lga+(b-1)lgM. 

To examine the effects of thermal acclimation, Æ. sinensis of similar size 
(31.5—59 g) were used, They were acclimated to 10C (cold acclimation) and 25C (warm 
acclimation) in thermoregulated aquaria for at least three weeks prior to testing. In or- 
der to examine the animal’s respiration rate response to acute changes of temperature, 
three different heating rates, which were acquired by regulating both the numbers of 
heaters and the volume of water in the reservior, were designed: slow heating 
(approx. 0.5C /hr), mid-rate heating (approx. 1.50 /hr) and quick heating 
(approx. 3C 7 hr) The temperature was raised continuously, simulating natural 
changes. The respiration rate was recorded after every 1-2© changes. 

To test the role of eyestalk factors in thermal acclimation, eyestalk extract was pre- 
pared from animals acclimated at 10C and 25T respectively, then injected in animals 
with the opposite acclimation background. The procedures are described as follows: 
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Eyestalk were cut off at the proximal end with scissors and held on ice until a suffi- 
cient number were obtained. They were crushed with a porcelain rod in 0.8% saline and 
transfered immediately to a centrifuge tube. After centrifugation at 3000 rpm for 
10min. the supernatant was collected. A 50 ul eyestalk extract per experimental ani- 
mal, equivalent to 2-3 eyestalks, was injected through the joint membrane at the base 
of the chela. 

The response to acute temperature changes in respiration rates of animals receiving 
eyestalk extract from animals with opposite acclimation backgrounds were examined. 
These rates were compared with respiration rates of those animals which did not re- 
ceiving eyestalk extract, but were acclimated at two different temperature. Mid-—rate 





heating was used in this part of the experiment. ‘ 
The Qj) value was calculated using the van’t Hoff equation (Schmidt, 1983) 
Qu =(R2/ R1) mT (2) 


where R2 is the respiration rate at temperature T2, R1 is the respiration rate at tempera- 
ture TIl. 


2 Results 


The regression equations of respiration rate for E. sinensis of different size at seven 
temperature are summarized in Table 1. There was a significant correlation between res- 
piration rate and wet mass (P<0.005). The slopes of the regression lines for seven tem- 
perature did not differ significantly (P> 0.05), and the mean 4 value of 0.50 was ob- 





tained. 
Table 1 Summary of regression eqnations of respiration rate for £. sinensis 
of different sizes at seven experimental temperatures. NS, not significant 
N Temperiture NT) Log oR = Log; H-1) Log, Af N R P Comparisons of b 
1 8 Log,gR* =2 4245-0.5156Log, 44 * 16 0.805 <0.005 
2 13 Log oR = 2.6900-0.4982 Log 24 0.820 <0.005 
3 1? Log) 8 = 2.826 /-0.5066 Log jg Af 1S 6.880 <90.005 
4 21 Log, oR = 2.9173-0.486? Log pM 26 0.896 <0.005 17273/475/677 
5 25 Logioh = 2.9534-0.5050L0g,,44 33 0.790 <0.005 NS 7 
6 30 LogjoR = 2.9942-0.4780L0g, 9M 28 0.829 <0.005 
7 35 LOgoR = 3.0872-0.5063Lo0g),4f 26 0.886 <0005 


R” =pgO, 7 (g - hr) M” = wet mass (g} 
The relationship between constant a and temperature T is given by the Logistic 
equation: 
a =A/([l+exp(P+qt)] (3) 


where A is the limit of a: P and q are constants, all of which can be calculated by the 
method described by Yang et af (1985). The result is 


a= 1280 < [1+exp(2.351-0.1387)] (4) 
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A predictive equation relating the respiration rate R to mass af and temperature 
T can be obtained if the common slope, the mean value 6 is used and equation (4) is 
substituted for a in equation R=aM® | 
R= 1280 4°“ [1+exp (2.351-0.1387)] (5) 


Fig. 2 shows the respiration rates for animals of 30 g wet mass as a function of tem- 
perature. Table 2 displays the results of the y’-texts for the fitness of the R values cal- 
culated from (5) to the R values calculated from the temperature—specific regression 
equations. 

Table 2 7 tests for the differences between the R values [ugO, / (g ° hr)] calculated 


from the temperature—specific equations aud from the predictive equation in Eriocheir sinensis 
Wet mass {g} 





5 65 
ne) R Rp ¢ R Rp ¢ 
g 115.9 (28.4 1.22 30.9 35.6 0.62 
13 219.7 212.0 0.28 61.2 58.3 010 
17 296.5 234 8 043 30.8 79.0 0.04 
21 377.7 364 7 046 108.4 161.2 0.51 
25 398.5 430.0 2.31 109 1 119.3 0.87 
30 457.2 491.0 2.33 134.2 136.2 0.03 
35 541.1 529.0 0.28 147.7 146.7 0.01 
P«<«0.30 NS P<0.9% NS 
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Figure 2 The respiration rate for E. sinensis of 30 a (wet mass) as a function of temperature 


- 
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In the quick heating, the respiration rates of cold acclimated animals are 
significantly higher than those of warm acclimated animals (Fig.3-A: P<0.01). The res- 
piration rate—temperature or R-T responses of E. sinensis to mid—rate temperature 
changes are shown in Fig. 3-B. Similarly, the respiration rates of cold acclimated ani- 
mals are significantly higher than those of warm acclimated animals (P<0.01). In the 
case of slow heating, the respiration rates of cold acclimated animals are once again 
higher than those of warm acclimated animals (Fig. 3-C; P<0.01). 
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Figure 3 Effects of thermal acclimation on the respiration rates 
Ertior bars represent standard deviation 
QHC; Quick heating cold (107) acclimated crabss QHW: Quick heating warm (25) acclima- 
tea crabs: MHC: Mid-rate heating cold acclimated crabs) MHW; Mid-rate heating warm 
acclimated crabs1 SHC: Slow heating cold acclimated crabs) SHW: Slow heating wamm accli- 
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Figure 4 R-T curves for crabs receiving and not receiving eyestalk extract from crabs with op- 


posite thermal acclimation background. Errior bars represent standard deviation 


MHC; Mid-rate heating cold acclimated crabs) MWC; Mid-rate heating cold acclimated crabs 


receiving eyestalk extract from warm acclimated crabs) MHW; Mid-rate heating warm acclimat- 


ed crabs, MCW; Mid-rate heating warm acclimated crabs receiving eyestalk extract from cold ac- 


climated crabs. 


Table 3 Summary of Q,, values of £. sinensis at different temperatures 





T ít) 


8-13 
13-17 
17-21 
21-25 
25-30 
30-35 


10 
3.66 
2.09 
1.89 
1.10 
1.37 
1.35 


20 
3.77 
2 06 
1.96 
1,07 
1.42 
1 30 


Wet mass (g) 


30 
3.78 
2.04 
2,00 
1.06 
1.45 
1.27 


40 
382 
2.02 
2.04 
1.05 
1.47 
1.25 


50 
3.90 
2.0! 
2.05 
1.03 
1.49 
1.23 


Mean 
3.79 
2.04 
1.99 
1.06 
1.44 
1.28 


Table 4 Summary of Q,, valves of both 10T and 25T acclimated 
E. sinensis under differeut heating schemes 





Temperature (t) 


10-16 
16-20 
20-24 
24-30 


QHC MHC 
3.4 3.3 
24 1.1 
1.0 1.0 
0.9 15 


SHC 
2.0 
1.7 
1.4 
1.5 


QHW MHW 
1.8 
1.4 
1.0 
2.0 


2.4 
2.3 
1.1 
1.5 


SHW MCW MWC Mean 
1.9 2.0 2.0 2.4 
1.6 1.6 1.3 17 
12 1.0 1.8 12 
2.6 1.4 14 1.6 


Table 3 displays the Q,, values of E. sinensis at different temperatures while Table 
values of both 10C and 25C acclimated crabs under different heating 


4 shows the Qjo 


schemes. 


The respiration rates of cold acclimated animal receiving eyestalk extract from warm 
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acclimated animals are significantly lower than those of cold acclimated animal 
(Fig. 4-A: P<0.01). No such difference is observed between the respiration rates of 
cold acclimated eyestalk extract recipients and warm acclimated animals (P>0.1). On 
contrary, the respiration rates of warm acclimated animals receiving eyestalk extract 
from cold acclimated animals exhibit much higher values than those of warm acclimated 
animals (Fig. 4-B: P<0,001) while no such difference is found between those of warm 


acclimated eyestalk extract recipients and cold acclimated animals (P> 0.1). 
3 Discussion 


The value b in the equation R=aM*', which reflects the dependence of the respi- 
ration rate on animal size, is generally regarded to vary between 0.67—1.0 for i 
crustaceans (Wolvekamp et al., 1960). However, the b values obtained for E. sinensis 
range 0,480-0.522, well below the general values for crustaceans. Similar results have 
also been found for Ovalipes punctatus with b values ranging from 0.44~-0.57 (Preez, 
1983). These results indicate a much wider range of value b for crustaceans than that of 
the earlier recognized. 

The relationship between constant a and temperature T has been generally expressed 
by the equation a=cd" (Schimdt, 1983) and the equation a=c7* (Emmerson, 1985; 
Cockcroft et al, 1985). However, both equations are not applicable to the present case 
because they do not show the surely existing upper limit of the respiration rate for any 
animal and the temperature insenstivity caused by respiration rate compensation in 
E. sinensis (see below). Hence, the logistic equation is adopted to express the relation 
of respiration rate to mass and temperature. The sigmoid curve in Fig. 2 well represents 
and the upper limit of the respiration rate and the zone of temperature insensitivity for 
E. sinensis. 

The Qi value is generally taken as an indicator of sensitivity of an animal’s respira- 
tion rate to environmental temperature. According to the van’ t Hoff—Arrhenius law, 
and an increase of 10C increases a poikilotherm’s respiration rate by 2-3 times. The 
Qio values for E. sinensis (Table 3) vary greatly with temperature and follow the pat- 
tern of higher Q,, values at lower temperatures than those at higher temperatures as for 
crustceans in general (Wolvekamp ef a/. 1960). At 8-210, Qio values change from 
3.79-1.99, complying with the van’ t Hoff-Arrhenius law but at 21-35C, Q,, values ‘ 
vary from 1.06-1.44 which are relatively low and do not follow the van’ t 
Hoff-Arrhenius law. The loose fit of the Q,, values of E. sinensis to the van’ t 
Hoff- Arrhenius law indicates compensation of respiration rate for temperature change - 
through thermal or temperature acclimation. At higher temperature (21-357), if the 
respiration rate of E. sinensis strictly followed the van’ t Hoff-Arrhenius law, that is to 
say, with each temperature increase of 107, the respiration rate increases by a factor 
of 2, then the respiration rate for an animal (wt: 50g) at 30C is expected to be at least 


4 
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3.83 ugO,/(g* min). But £. sinensis in fact demonstrated a respiration rate of only 
2.53 pgO./{(g* min), which means some internal modifications or what are called 
compensatory processes have taken place through thermal acclimation. The fact that the 
respiration rates of 25C acclimated Æ. sinensis are general lower than those of the 10C 
acclimated further corroborates the occurrence of the rate compensation through thermal 
acclimation, whose mechanisms involve eyestalk endocrinary factors in £. sinensis. 

Acute heating E. sinensis does no generate a R-T response following the van’ t 
Hoff-Arrhenius law with Qj) values being smaller than 2 at higher temperature 
{16-30C ) (Table 4). This result strongly suggests that rate compensation in £. sinensis 
can occur not only through long term thermal acclimation but also within a very short 
period of time. Unlike the rate compensation through long term thermal acclimation, 
whose mechanisms involve some long term physiological processes such as the induction 
of eyestalk hormones, synthesis of new proteins and changes in lipid composition of 
biomembranes (Hochachka. 1966: Silverthorn, 1975; Pruitt et af, 1979; Hagar et 
al., 1986), the rate compensation under acute changes in temperature may deal with a 
new category of physiological prosesses which can take place quickly, possibly including 
the adjustments of multi-subunit respiratory prodteins and enzymes in response to actue 
thermal changes. This information opens up promising areas for future studies. 

Since E. sinensis lives in the Yangtze basin of China, where it is confronted with 
considerable seasonal and daily fluctuations of environmental temperature, the respira- 
tion rate compensation can be employed by this species as an adaptive strategy to cope 
with these challenges. An enhanced respiration rate in winter and a lowered respiration 
rate in summer, together with insensitivity of respiration to extreme daily temperature 
changes in spring and fall, can help the animal to maintain its respiration rate at or near 


the optimal level, where physiological processes function most effectively. 
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